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1 9 0  S i r  H .  D a v y  on the Relations 

v e r a l  c o i n c i d i n g  m e a s u r e m e n t s  t a k e n  u p o n  p l a n e s  p r o d u c e d  
b y  c l eavage ,  w h i c h  w h e n  p r o p e r l y  m a d e  a r e  u s u a l l y  f o u n d  to  
a g r e e , - - w h i l s t  t h o s e  t a k e n  u p o n  t h e  n a t u r a l  p l a n e s  g e n e r a l l y  
d i f fe r  a few m i n u t e s .  I n  one  i n s t a n c e  I f o u n d  104, ° 55  I, n o t  
105 ° . H e n c e  t h e  a c c u r a c y  o f  m e a s u r e m e n t s  t a k e n  as  t h e  
b a s e s  fo r  c a l c u l a t i o n  is ve ry  i m p o r t a n t .  

P r i m a r y .  

c f 

~ 2  

~ J  

Measurements taken by Measurements of 
the reflective gomometer. Dr. Walchner. 

M o n  M r . . . .  105 ° 00  I 
P o n M o r M  r .  9 0  0 0  

. . . . .  a 1 . . . .  132 32  . . . . . . . . .  130  ° 181 56 tt 
~ -  a 2  . . . .  114  35 . . . . . . . . .  119  29  447 

c o r d  . . 159 16 . . . . . . . . .  141 4 54  
e o r  e I . . 110 14 

M o n a  1 . . . .  1 ° 4  10 
a 2  . . . .  135 5 

- c . . . . .  113  35  
-. e . . . . .  159  4 0  

a l  o n a l  t . . . 95  15 . . . . . . . . .  99  22 8 
a 2  . . . 162  22  . . . . . . .  169 10 51 
c o r d  . . 120  56  

a 2 o n a 2  r . . . 130  10 . . . . . . . . .  121 0 26  
c o r d  . . 108 30  

c o n  c r . . . . .  98  30  
T h e  two  m e a s u r e m e n t s  g i v e n  b y  H a i d i n g e r  in  h i s  t r a n s l a -  

t i o n  o f  M o h s ,  vol .  iii. p.  111,  a g r e e  w i t h  t h o s e  o f  D r .  W a l c h -  
h e r ,  

X L .  The Bakerian Lecture. On the Relations o f  Electrical 
and Chemical Changes. B~j Sir H u ~ e I ~ I R y  DAVY, Bart. 
Pres. R.8.  

[Concluded from p. 104.] 

V I I .  On the accumulation o f  electricitv , and the chemical 
changes it occasions in voltaic arrangements. 

I N t h e  v iew o f  e l e c t r o - m o t i o n  a d o p t e d  b y  t h e  i l l u s t r i ous  i n -  
v e n t o r  o f  t he  p i le ,  t h e  m e t a l s  we re  c o n s i d e r e d  as  t h e  only 

a g e n t s  
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of ~lectrlcai and Chemical Changes. 191 

agents which, in proportion to their surface and their num- 
ber, occasioned the constant circulation of a certain quantity 
of electricity through the fluids, or the connecting wires in 
the pile; and the chemical changes occurring in these fluids 
were considered as mere results, and not necessarily con- 
nected with the circulation. The inactivity of combinations 
where no chemical changes occur, is sufficiently hostile to this 
view; but an examination of some of the circumstances of the 
construction of compound electrical combinations, will bring 
this hypothesis, and that which I have ventured to adopt, 
more distinctly into comparison. 

Let  a piece of zinc and a piece of platinum, both in glasses 
filled with a solution of nitrate ofpotassa, be connected through 
the multiplier, and let the glasses be joined by asbestus mois- 
tened with the same fluid ; the needle will mark electrieal ac- 
tion: let the two glasses now be joined by an arc composed 
of zinc and platinum, in such a manner that the order is Vol- 
taic, i. e. that the iinc is opposite to the platinum, in the ori- 
ginal combination--the effect will be increased. Now let an 
arc of pure zinc be introduced; the effect will be less than 
with the double arc, but superior to that with the asbestus, 
and the pole of the zinc opposite the platinum will oxidate, 
and that opposite the zinc will give off hydrogen. Let  arcs of 
other metals be substituted for the zinc ; for instance, of tin~ 
of iron, of copper; of silver, of tellurium : the electrical effects 
will diminish with the oxidability of the metal; and with tel- 
lurium, which does not oxidate at the positive pole of a rob  
taic battery, they will be destroyed; and the case is the same 
with rhodium, palladium, and platinum. That the effect does 
not depend upon any circumstance connected with conducting 
power is evident; for charcoal, which is a very imperfect con- 
ductor, acts like an oxidable metal; and a very fine wire of 
platinum, terminated by a small piece of oxidable metal, acts 
more efficiently when the oxidabIe metal is opposite the nega- 
tive pole, than if the whole chain had been composed of ox~ 
idable metal ; but entirely destroys the effect when the oxida- 
ble metal is opposite the positive pole. 

I f  the contact of the metals only was necessary for conti- 
nued electro-motion, these results, in which a simple homo- 
geneous chain is interposed between the fluids, would be im- 
possible ; but they are a necessary consequence of the electro. 
chemical theory, in which the destruction of the positive sur- 
face by the chemical negative agent is regarded as a necessary 
condition ; and platinum and tellurium acted like zinc, when 
their surfaces t~pposite to the platinum were plunged into di- 
luted nitro-muriatic acid. 

I f  
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192 Sir H .  Davy on the Rdations 

I f  two, three, or four glasses are used, and two, three, or 
four arcs of platinum and zinc, the extreme metals of which 
are connected through the multiplier, a piece of platinum 
used instead of one of the arcs will not now entirely destroy 
the electro-motive effect: it will be diminished as if one arc 
had been removed. The two will act as a single combina- 
t lon; the three as two arcs, and the four as three;  and of  
course in a voltaic combination of 100 arcs, a single piece of 
platinum substituted for any one of the arcs, will diminish the 
power of the apparatus only 1-100dth part. 

In attempting to protect copper by zinc, in a separate ves- 
sel, fi-om tlae action of sea-water, I found that when the two 
vessels were connected by moist tow or vegetable substances, 
or by a wire (even through fine) of any oxidabte metal, tl~e 
protection was complete: but when even a thick wire of 
platinum was employed, the copper, though in immediate con- 
tact with the zinc, became corroded. After the experiment 
had continued several days, the surface of the platinum op- 
posite to the copper was found tarnished, as if" it had been 
slightly acted upon by the chlorine combined in the sea-water ; 
but this effect had been too feeble to be connected with any 
sensible degree of electrical polarity in the platinum. 

This result, with those mentioned in the preceding pages, 
seems to show that there can be no accumulation of electri- 
city in voltaic combinations, unless the same or similar con- 
ditions of chemical change exist in the elements or single cir- 
cles composing them; and that under other conditions, the 
power generated in single circles is either destroyed or di- 
minished according to the opposing nature, or want of con- 
ducting power of the chain of intervening bodies. For  instance, 
in the arrangement (mentioned p. 191) of one piece of zinc 
and one of platinum, the power is doubled by another series 
of  the same kind, destroyed by an arc of platinum, and di- 
minlshed by an arc of zinc ; by a second solution and a second 
arc of zinc, it is diminished still more; by a third it is nearly, 
and by a fourth absolutely, destroyed. 

As the chemical changes always tend to restore the elec- 
tricaI equilibrium destroyed by the contact of the metals with 
each other in the fluids, it is evident that in cases in which 
arcs primarily inactive are connected with those primarily 
active, the chemical changes produced by the electrical attrac- 
tions must tend to produce in the primarily inactive parts of 
the combination, an arrangement which must give it a power 
in direct opposition to that of the primarily active circles; so 
that when separated, their actions, if any, must be directly the 
reverse of the other. This result, which I anticipated, I have 

actually 
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o f  Electrical and Chemical Changes. 1 ~ 3 

actually found to be correct; six arcs of platinum in vessels 
filled with solution of nitre, were connected with a vohaie 
battery of 50 pai rs  of plates; of course each arc gave off 
oxygen, and collected acid round the pole in the place of the 
zinc, and afforded hydrogen and collected alkali round the 
pole in the place of the noble metal: on separating the six 
ares from the battery, they were found to possess independent 
action, the poles which were negative being positive, and those 
positive being negative: in short, the combination acted as if 
an original one, consisting of acid, alkali, and platinum. 

Wi th  ares of zinc, the results were of the same kind, but 
the electrical effects were much more distinct : as the tarnished 
zinc in this case added its own negative power to that pro- 
duced by the contact with the acid. 

In trying similar experiments with six arcs of tin, silver, 
copper, and other metals, and using different saline solutions, 
it was fbund dmt the reversed eleetrieM eff~ets were most 
powerful with the most oxidable metals, and the most eon- 
centrated and most decomposable solutions ; and the weakest 
arrangement of this kind was with arcs of platinum and pure 
water; yet even in this instance the water had become slightly 
alkaline at one pole, and acid at the other, 

These experiments, showing the nature of the ehemical 
changes in combinations made active by their eonnexion with 
voltaic batteries, and the influence of" the newly developed 
chemical agents, fully explain the phmnomena of the secondary 
piles of M. Ritter ; and combined with the fact, that the me- 
tals are not perfect conductors for electricities of very low in- 
tensit3", they of~hr a simple and adequate solution of the cir- 
cumstances observed by M. De La  Rive on the interposition 
of different metallic plates in the fluids connecting together 
voltaic combinations % 

From the nature of the chemical changes taking place in 
each single circle of a common voltaic batter.y, it is evident, 
that if any small part of a battery for some time in action, is 
separated from the whole, and made to act as a distinct com- 
bination, its powers must be feebler than if it had been ori- 
ginally an independent series ; for the electrical action occa- 
sioned by the chemical agents developed in it, are such as to 
counteract the effects produced by the contact of the metals. 
Whereas, if a small voltaic series is connected with a much 
larger one, in reverse order, its oxidable in the place of the 
noble metals, though the 'whole power of the combination is 
much weakened by it when in union; yet, when separated, 

* Anuales de Chimie elde Physique, tom. xxviii, p. 190. 
NewSeries. Vo]. I. No. 3. March 18~7. ~ C it 
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19¢ Sir H.  Davy on the Relation~ 

it must act with much greater power, ~s tile chemical changes 
produced are exactly of the kind which must enhance the 
primary power of the metals. This deduction (a necessary 
consequence of the electro-chemical theory) I have proved by 
direct experiment. A series of 6 arcs, composed of zinc and 
copper and solution of nitre, was connected in the proper 
order with a voltaic arrangement of 50 pairs, and suffered to 
remain in connexion for 10 minutes; they were then sepa- 
rated, and made to act as a single battery : their powers were 
extremely feeble, not certainly one-third as great as those of 
a combination of the same kind which had been in action (but 
unconnected) for the same time. Six arcs of copper and zinc 
were now connected with the same battery of 50, in a reverse 
or unconformable manner, so that the six plates of zinc gave 
off hydrogen and attracted alkali, and the plates of copper 
oxidated and attracted acid. Being separated after a thw 
minutes, and made to act alone, they exhibited powers which 
appeared three or four times greater than if they had never 
been in connexion ; the zinc resumed a much higher positive, 
and the copper a higher negative state, than if they had not 
before been in the antagonist or unconformable conditions. 

All these facts bear upon the same point, and confirm the 
view which I took of the nature of voltaic combinations in the 
Bakerian Lecture for 1806 ; in all of which, whether the de- 
struction of the electrical equilibrium is produced by the con- 
tact of metals or fluids, it is always restored by chemical 
changes, and in which tile circulation, if it may be so called, 
depends upon a union of these causes, the direction of the 
currents being always opposite in the metallic and fluid parts 
of the combination~ so as to produce what may be regarded as 
an electrical circle. 

VIII.  General observations and practical applications. 

To explain the manner in which different chemical agents 
]n combination, and in a perfectly neutral state, instantly start 
into an active existence, when exposed to the two electrical 
poles, it is necessary to assume principles, and take views of 
~corpuscular action of a perfectly novel kind; and as the chief 
agents are invisible, and probably imponderable, no direct 
demonstrative evidence can be brought forward on the sub- 
ject;  and different hypotheses may in consequence be applied 
to it. In assuming the idea of two ethereal, subtile, elastic 
fluids, attractive of the particles of each other, and repulsive 
as to their own particles, capable of combining in difthrent 
proportions with bodies, and according to their proportions 
giving them their specific qualities and rendering them equi- 

valent 
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of vElectrical a~zd Chemical Changes. 195 

valent masses, it would be naturM to refer the action of the 
poles to the repulsions of the substances combined with ex- 
cess of one fluid, and the attractions of these united to the 
excess of the other fluid; and a history of the phmnomena, 
not unsatisfactory to the reason, migh[: in this way be made 
out; but as it is possible likewise to take an entirely different 
view of the subject, on tile idea of the dependence of the re- 
sults upon the primary attractive powers of the parts of the 
combination on a single subtile fluid, I shall not enter into 
any discussion upon this obscure part of  theory, but I shall 
endeavour to clear the way for elucidations of it by stating 
some experimental results. 

Some solution of nitrate of potassa was introduced into a 
glass basin of six inches in diameter, and large slips of paper, 
tinged with litmus and turmeric, were placed below the fluid, 
and connected with two pieces of foil of platinum; so that 
the indications of  the formation of acid and alkali, in any part 
o f  the basin, by electricity, would be instant and distinct. 
Th e  two pieces of foil were now connected with the poles of 
a voltaic battery : it was fbund that the alkali was developed 
only at the point or immediate surface of  the negative plati- 
num, and the acid in the same manner at the surikee of the 
positive platinmn; and they then gradually diffhsed them- 
selves through the fluid in a circle round the conductors, and 
there was no appearance of any repulsions or attractions of 
the menstrua in the line of the circuit. 

In various repetitions of this experin~ent the same result was 
obtained; the alkaline and acid matters were influenced in 
their direction only by currents produced by the disengaged 
oxygen or hydrogen, or the ipclination of the vessel ; in short, 
by mechanical causes only;  and the same effects were pro- 
duced on the test papers, as if a spherical piece of acid and 
an amalgam of potassium had been introduced in the places 
of the two poles. 

Mr. Herschel has shown, by some elaborate and ingenious 
experiments in the last Bakerian Lecture, that an amalgam 
of potassium, containing so minute a portion as some hundred 
thousand parts of its weight is strongly attracted so as to oc- 
casion violent mechanical motion, by the negative pole in a 
voltaic arrangement: and if it be supposed that the fluid is 
divided into two zones, directly opposite in their powers to 
the poles of the battery, the virtual change may be regarded 
as taking place in the two extremities of these zones nearest 
the neutral point;  so that by a series of decompositions mad 
recompositions, the alkaline matters and hydrogen separate at 
one side, and oxygen, pure or in union, at the other. 

2 C 2  Ir~ 
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196 Sir H. Davy on the Relations 

In this way~ the two electricities may be regarded as tile 
transporters of the ponderable matters, which assume their 
own peculiar characters at the moment they arrive at the point 
of rest. I shall detail an experiment which I made under a dif- 
ferent form some ,years ago, and which may assist the imagina- 
tion in the conception of this singular and mysterious mode ~ 
of action. A fiat glass basin, 10 inches in diameter, was filled 
with water containing 1-2000ndth part of its weight of sul- 
phate of potassa, in the bottom of which 30 or 40 separate 
globules of. mercury, containing from 10 to 100 grains each, 
were placed without any regard to order ; two wires of pla- 
tinum from a battery of 1000 double plates, weakly charged, 
were made to connect the extremities of the water (passing to 
the bottom of the basin). As soon as the electrical commu- 
nication was made, the globules of mercury in or near the 
current became instantly agitated ; their negative poles be- 
came elongated, and approached either the positive pole of 
the battery, or the positive pole of the contiguous globules of 
mercmT, and streams of oxide f/owed with great rapidity from 
the positive toward the negative pole. No hydrogen appeared 
at the negative poles of the globules of mercury ; but after the 
action had continued a few minutes, and was then suspended, 
there was an appearance of some minute globules, owing, as 
was proved by tests, to the formation and oxidation of potas- 
sium which had combined with the mercury, and which, as 
is evident from Mr. Herschel's researches, had given to that 
part of the globule in which it had combined its high electro- 
positive qualities. When the connexion was again made, the 
same series of constant and violent motions took place ; the 
elongated and negative extremities of every globule moving 
towards the positive surfaces, and undergoin~ continual oscil- 
lations; but on pouring a small quantity of murmtic acid into 
the water, so as to make it slightly acid, these phmnomena 
ceased ; the masses of mercury resumed their spherical form, 
hydrogen was given off from the negative surfaces, and all 
motion and agitation were at an end. The energy of the acid in 
this case being negative , may be considered as neutralizing the 
power of the potassium by its immediate contact, a n d  as de- 
stroying all the pheenomena of attraction by the positive pole. 

In the numerous experiments that I made in 1806, on the 
transfer of adds to the positive pole and of alkalies to the 
negative pole, there were similar instances in which masses of 
acid or alkaline matters, by exerting their own peculiar ener- 
gins, prevented the  accumulation of the antagonist elements 
at their points of rest, so as to destroy, or materially weaken, 
theirpower of motion or transport. For instance, in attempt- 

mg 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ite
 L

av
al

] 
at

 1
7:

10
 0

7 
A

pr
il 

20
16

 



of Electrical and Chemical Changes. 197 

ing to transfer baryta from the positive to the negative pole, 
the negative pole being plunged in sulphurie acid, or sulphm'ie 
acid to the positive pole, the negative being phmged in a so- 
lution of baryta, the re-agents were neutralized, and formed 
insoluble precipitates at the point of union of the menstrua ; 
and no baryta reached the negative, and no sulphuric acid the 
positive pole. 

With muriatie acid and salts of silver the case was the same. 
And when acids and alkalies, forming soluble compounds~ 
were used in similar experiments, a great length of time was 
required, proportional in some measure to their masses, be- 
fore a particle of acid reached the positive, or of alkali the 
negative pole ; and the result was not destroyed till after the 
intermediate combination had taken place to a considerable 
extent; proving the pha~nomena of continued decompositions 
and recompositions, and showing that the electrical and che- 
mical phenomena are of the same order, and produced by the 
s a l n e :  c a u s e .  

In the Bakerian Lecture for 1806, I proposed the electrical 
powers, or the forces required to disunite the elements of 
bodies, as a test or measure of the intensity of chemical union. 
By the use of the multiplier it would be now easy to apply 
this test; and accurateresearches on the connexion of what 
may be called the electro-dynamic relations of bodies to their 
combining masses or proportional numbers, will be the first 
step towards fixing chemistry on the permanent foundation of 
the mathematical sci'ences. 

I cotlld enter into some other general views of the pure 
scientific relations of this subject, and its connexion with 
thermo-electricity and the phmnomena of cohesion ; but having 
already taken up so much of the time of the Society, ] shall 
defer what i have to say on these subjects to another occasion, 
and I shall conclude with a few practical observations. 

A great variety of experiments made in different parts of 
the world has proved the full efficacy of the electro-chemical 
means of preserving metals, particularly the copper sheathing 
of ships; but a hope I had once indulged, that the peculiar 
electrical state would prevent the adhesion of weeds or insects 
has not been realized; protected ships have often indeed re- 
turned after long voyages perfectly bright% and cleaner than 
unprotected ships, yet this is not always the case ; and though 
the whole of the copper may be preserved from chemical solu- 
tion in steam vessels by these means, yet they must be adopted 
in common ships only, so as to preserve a portion,~so ap- 

The Carnebrea Castle. 
plied 
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198 Sir H.  Davy on t~,lectrical and Chemical Changes. 

plied as to suffer a certain solution of the copper ~ ; and an 
absolute remedy fox" adhesions, is to besought  for by other 
more refined means of protection, and which appear to be in.. 
dicated by these researches. 

The nails used ill ships are an alloy of copper and tin, which 
I find is slightly negative with respect to copper, and it is on  
these nails that the first adhesions uniformly take place: a 
slightly positive and slightly decomposable alloy would pro- 
bably prevent this effect, and I have made some experiments 
favourable to the  idea. 

In general, all changes in metals which would indicate the 
power of chemical attraction, are easily determined by elec- 
trical means. Thus I found copper hardened by hammering 
negative to rolled copper; copper (to use the technical language 
of manufacturers) both overpoled and unde~Toled , contammg 
in one case probably a little charcoal and in the other a little 
oxide, negative to pure copper. A specimen of brittle copper, 
put into my hands by Mr. Vlvian, but in which no impurity 
could be de~ected, was negative with respect to soft copper. 

In general, very minute quantities of the oxidable metals 
render the alloy positive, unless it becomes harder, in which 
case it is ~enerallv negative. As I have mentioned before, 
amalgams o°f the ox'idable metals are usually positive, not only 
to mercury, but even to the pure metals. 

There are probably few chemical operations which electrical 
changes do not influence, and either increase or modify. In 
the rusting of iron, for instance, the oxide tbrmed by the con- 
tact of moisture becomes the negative surface, and exalts the 
oxidability of the mass of metallic iron, and the rust conse- 
quently extends in a circle. 

The precipitations of metals have been already traced to 
causes of this kind, and many metallic solutions must belong 
to the same order of pha~nomena. 

I have pointed out in former papers some of the cases of 
electro-chemical protection, which I have no doubt, when the 
principles are well understood, will be generally adopted ; and 
others are constantly occurring. I shall mention one,--the 
preservation of the iron boilers of steam engines by introdu- 

® A common cause of adhesions of weeds or shell fish, is the oxide of 
iron formed and deposited round the protectors. In the only experiment 
in which zinc has been employed for this purpose in actual service, the 
ship returned after two voyages to the West Indies, and one to Quebec, 
perfectly clean. 

The experiment was made by Mr. Lawrence, of Lombard-street, who in 
his letter to me states that the rudder, which was not protected, had cor- 
roded in the usual rammer. 

cing 
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Dr. Spurgin on the Nature and Properlies of the Blood. 199 

cing a piece of zinc or tin. This in the case of steam boats, 
particularly when salt water is used, may be of the greatest 
advantage, and prevent the danger of explosion, which gene- 
rally arises fi'om the wear of one part of the boiler. 

Another application of importance which may be made, is 
the prevention of the wear of the paddles or wheels, which 
are rapidly dissolved by salt water. 

But I will conclude. Whenever a principle or discovery 
involves or unfolds a taw of nature, its applications are ahnost 
inexhaustible; and however abstracted it may appear, it is 
sooner or later employed for common purposes of the arts and 
the common uses of life,. 

XLI .  Oullines of  a Philosophical Inquiry into the Nature and 
Projoerties of the Blood; being the Substance of  three Lectures 
on that Subject delivered at the Gresham Institution during 
Michaelmas Term 18'26. B j  JoHN S:evI~OlI% M.D. 5Fellow 
of the Royal College of  Phjsicians of  London, and of the 
Cambridge Philosophical Sociely *. 

T H E  plan pursued in these Lectures, in regard to the mode 
and style of their composition, being intended rather for 

the general class of intelligent hearers, than for the medical 
profession exclusively, it may readily be conceived that a 
departure fi'om what might be termed the usuM method of 
treating a physiological subject like that of the blood, was 
almost unavoid@le, at the same time that it might be deemed 
in some degree justifiable. T h e  philosophicM and abstract 
reasoning upon the nature and properties of this fluid, di- 
rected and limited as it is~ by the facts, the observations, and 
the experiments which are adduced concerning it, will not, it 
is hoped, be thought unworthy of attention, or destitute of 
interest and utility. 

To confine the Lectures to a bare enumeration of facts, to 
the exclusion of all reasoning, was not so much the object in 
their composition, as to draw conclusions from them, that 
might lead to further inquiry on the same subject; at the same 
time that they interested the hearers ; and as the Lectures 
were not drawn up with any view to publication in their 
present shape, they may perhaps be entitled to indulgence 
tbr the novelty of the method adopted, in the investigation of 
this important part of the Animal Economy. 

To enter upon a course of investigation into the economy 
of the animal kingdom, or in other words, to bring the 

*. Communicated by the Author. 
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